This paper is a direct continuation of an earlier paper (I) where an attempt was made to set up a Geld-theoretic foundation for the theory of mean mass and lifetime of an unstable particle. It was argued in I that the decay-time plot of a beam of unstable particles is a concept peculiar to a single-particle theory; that from a Geldtheoretic point of view, mass (the variable conjugate to proper time) rather than time has the primary significance. Here we show that the spectral function p(m') appearing in the (Geld-theoretic) one-particle propagator has a direct signiGcance as the probability of Gnding in production an unstable particle of mass m. This allows us to deGne a "one-particle" state for the unstable particle as a superposition of its outgoing decay states suitably weighted in mass space Lwith a factor which is the square-root of p (m') g. The proper-time propagation of this state gives the decay amplitude, and its modulus is ideally the experimentally observed decaytime plot.
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The time plot is explicitly evaluated for m. decay. Insofar as the distribution of mass values for the m-meson starts with the p, mass (assumed stable), the time plot is not merely the conventional decay exponential e ')"0. There are additional terms which become important about a hundred lifetimes after the particle is created.
Finally we compare the time plots for particle and antiparticle decays on the basis of CTP invariance. or 2 I in)(inl =1, g i out)(out i = l.
( 1 2) (2) For the stable case the spectral function p(its) which appears in the de6nition of the Green's functioñ
. '(~-s) 
The only states appearing in the sum are i-states of total energy-momentum p. To make the de6nition more precise, consider the case when i denotes a particular two-particle "out" state, If we define 
( 2 11) It is crucial for subsequent work that the b-functions appearing in the integrand ensure that where
We shall refer to M; as the threshold mass for the i state. Define (2.13)
From (2.6), (2.7), and (2.11),
Equation (2.14) shows quite generally that I is the imaginary part of (6, ') ':
From the completeness relation (1. 
This implies that an equivalent definition of the physical mass is given by
which is to be compared with (2.19) for the bare mass. This is an important definition, which is used below.
THE MASS PLOT
Ke now wish to specialize to the case of realistic unstable elementary particles. All these have the characteristic that the interactions through which they are produced are stronger than those through which they decay, and are referred to as "strong" and "weak" ( 3 1) Suppose that the matrix element for the production of the unstable particle, four-momentum p, in a certain process, is F(p'). If the particle subsequently decays via the mode "i" into ki and k, using Schwinger's method, it is easy to show that the amplitude for the whole process is
provided one can neglect the effect of other (virtual) particles which in graphical language link the factor F to the vertex j', ;. The probability of observing decay products corresponding to a particular value of p' for the This applies to all particles (stable or unstable). A stable theory is one for which X(p'), (2.17) , has a real zero M,', unstable particle is then proportional to I'(P') = lF (P')~.'(P)i''(P, k,k ) I' (P')=~(M') p'(P'), (3 4) which establishes the result. The approximation employed implies that we are neglecting the effects of the production mechanism on the properties of the unstable particle.
This -(3.6) pD(P') = 2» (P') j=1 (3.7)
Ke now define the mean ma, ss of the unstable particle and the mass shift in terms of these expressions. From (2.19) and (2.21), which may be rewritten, in an obvious notation for the strong mass, as ) it seems reasonable to adopt as the definition for the mean mass, M, of an unstable particle the relation (p' M') pg)(p')dp'=0-. 
THE STATE VECTOR
Turning now to the problem of finding a suitable theoretical expression for the decay time plot, we first set up a state vector describing the unstable particle.
In I, the function p& was used to define a density matrix, and the mean mass and lifetime were determined in terms of the mean value of the mass operator and its second moment for this density distribution. Since however pD defines a density which is diagonal in the representation in which the operator I" is diagonal, it is possible to define a state (or more precisely states, one for each decay channel), which leads to the same expectation values of functions of I" as the corresponding mean values of pD. The required state corresponding to channel j is~( »I I" I») = ) P'I o(P')dP'~o(P')dP' (4.5)
To get the (proper) time plot we must study the propagation of this state in (proper) time. The singleparticle approximation has implicit in it the hypothesis that a single proper-time parameter can be attached to the decaying particle up to the instant of its decay. It is conventional to assume that &~has exponential form. The relation of this assumption to the present theory is examined in the next section.
The ( 4 3) The state Is,) is thus an appropria, tely weighted linear superposition of the states into which the P particle can decay. Define where m' is the strong mass' (including electromagnetic self-energy effects). Since the integrand is sharply ' This is the "single-particle" equation for a particle in its own rest frame. That is to say, the partial lifetimes of particle and antiparticle are equal to first order in the weak interactions, provided the final states of the alternative decay modes are not coupled by strong interactions. A good example of this is the 2~and 3m decay modes of E+ and E .
These states are not coupled by the strong interaction since they have opposite G-parity (extended charge conjugation). Thus the 2n/3m. branching ratio should be the same for E+ and E to this approximation. However the 2m and 3m-states are coupled through the electromagnetic interaction, and this coupling produces an inequality between the two branching ratios.
Finally we consider the partial lifetimes for the decay of a self-conjugate particle into two modes which are the particle conjugates of each other (for example assuming CI' invariance X9s~m'+e++ p+). This is a special case of the partial lifetimes for particle and antiparticle considered above. From CTI' invariance, the partial life- 
